ABSTRACT A transformation-associated polyprotein designated "gag-x" was previously shown to be induced by the feline sarcoma virus (FeSV) after the nonproductive transformation of rat or mink cells. We found that this protein was also expressed in cells derived from the native species (cat) with or without the production of feline leukemia helper virus (FeLV) and that cats could mount a humoral antibody response to the transformationspecific (x) portion ofthe molecule. Such antisera also reacted with the feline oncornavirus-associated cell membrane antigen (FOCMA) by membrane immunofluorescence. Expression of the gag-x protein was coordinated with malignant phenotype in that both transformed cat fibroblasts and cultured cells from a FeSV-induced melanoma expressed antigenically indistinguishable proteins of the same size. These cells are derived from different embryonic germ layers, suggesting that such transformation-related proteins may function in a pleiotropic manner when introduced by a virus.
On the basis ofthe form ofcancer they induce, retroviruses have been grouped into three categories: those that induce lymphoid leukemia or lymphoma after a long latent period, the "acute" leukemia viruses that induce nonlymphoid leukemias after short latent periods, and those that induce fibrosarcomas. The fibrosarcoma viruses and the acute leukemia viruses, the latter typified by the murine Abelson virus or the myelocytomatosis subgroup of avian tumor viruses, contain a specific transformation-related gene whose expression is associated with the malignant phenotype, at least in vitro (1, 2) . Most such retroviruses are defective for replication, having replaced portions of the genes used for replication and virion structural proteins with the transformation-related src or onc type genetic information, which was presumably obtained relatively recently from the cell (3, 4) . Several classes ofonc or src type gene products have been described. It has been postulated that each may be associated with a particular pathway of differentiation (5) . The class ofprotein most characteristically identified as encoded by the transforming virus genome is the "gag-x" polyprotein, which contains a portion of gag virus structural proteins and a nonstructural protein, x, which appears to be expressed coordinately with malignant transformation (6) (7) (8) .
All oncogenic retroviruses appear to induce tumors in tissues that originate from the mesodermal embryonic germ layersi.e., especially leukemias, lymphomas, and fibrosarcomas. In a few cases tumors ofendodermal [hepatoma (9) ] or ectodermal [adenocarcinoma or melanoma (10, 11) ] origin can also be induced. Descriptions of gag-x type proteins usually involved studies offibroblasts transformed in vitro, using antisera raised in heterologous species to the gag (rather than the x or onc) determinants of the molecule. In the current study we used antiserum from the native species which was directed to the antigens on transformed autochthonous cells to determine if antigenically indistinguishable gag-x proteins were expressed in transformed cells originating from the mesodermal (i.e., fibroblasts) and neuroectodermal (i.e., malignant melanocytes) germ layers.
MATERIALS AND METHODS
Cells and Viruses. Reference mink cell lines used included cloned CCL64 (12) , and subclones of CCL64 nonproductively transformed by the Gardner-Arnstein strain of feline sarcoma virus (GA-FeSV), designated 64F3C17 (12), or by the SnyderTheilen strain of feline sarcoma virus (ST-FeSV), designated B3T-1 (13) . Control cat cells included Fea (12) and primary cultures ofnormal pigmented cells from skin oftwo uninfected cats. A primary cell culture was derived from testicle cells ofa specific pathogen-free cat productively transformed with ST-FeSV from the feline leukemia virus (FeLV)-producer mink line MSTF (13) . The ST-FeSV-transformed cat cells, which were subsequently inoculated into the donor, were designated STaut. A melanoma cell culture was initiated from a cat with a GA-FeSVinduced ocular melanoma. Three cell cultures derived from spontaneous cat tumors, an osteosarcoma (F47), a chondrosarcoma (F100), and a neurofibrosarcoma (FNFS) (14) , were also used. F47 and F100 were generously provided by Walter Nelson-Rees of the Naval Biological Laboratory, Oakland, CA. All the cells were grown as described (14) . FeLV of all three subgroups was obtained from the cat lymphoma cell line FL74 (15) .
Sera. Goat anti-FeLV p15, goat anti-FeLV gp7O, and rabbit anti-FeLV p12 were provided through the Division ofResearch The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Resources of the National Cancer Institute (p15, 15,000-dalton structural protein; gp7O, 70,000-dalton structural glycoprotein; p12, 12,000-dalton structural protein). Representative cat sera bearing reactivity with feline oncornavirus-associated cell membrane antigen (FOCMA) were obtained from multiple-cat households in the Boston area (12, 16) Electron Microscopy. The GA-FeSV melanoma cells were prepared for electron microscopic examination according to described procedures (20) .
RESULTS

Establishment and Characterization of a Melanoma Cell
Culture from a GA-FeSV-Induced Feline Ocular Melanoma. Ocular melanomas of cats were successfully induced by the intraocular inoculation of 0.05 ml of concentrated GA-FeSV (10oll1012 particles per ml, Electronucleonics, Bethesda, MD) at the base of the iris (21 (Fig. 2A) .
As described earlier for other systems, anti-gp7O has no precipitating activity for the polyprotein (6, 22) . Antiserum produced by the donor cat detected what was apparently the same 46 gag-x protein both before (designated anti-STaut), and after (designated anti-ST-X), exhaustive absorption with FeLV (Fig. 2B) . Antibodies in the anti-STaut serum that reacted to FeLV structural proteins were removed by absorption as determined by the lack of immunoprecipitation of [3H]leucine-labeled FeLṼ 30 (lane b in Fig. 2C ). This anti-ST-X serum retained activity for the recognition of ST-FeSV and GA-FeSV polyproteins of 85,000 daltons and 110,000 daltons, respectively, in both cat and mink fibroblasts, although the activity was weaker with GAFeSV-transformed cells, as shown in Fig. 2B . Two additional X B cats were inoculated with their own FeSV-transformed cells and e f g both developed antibodies that reacted with the transformation specific proteins. The feline antisera anti-STaut and anti-ST-X both gave the typical FOCMA-type immunofluorescence reaction on F174 lymphoma cells as well as on 64F3C17 fibroblasts (see Table 1 ). The same antisera also gave a positive membrane immunoflu- and lanes c and d, primary cultures ofuninfected feline cells from normal skin oftwo cats and selected to contain pigmented cells. Theantisera used are the same as those described forFig. 2 except for SPF, which represents serum from a normal specific-pathogen-free cat. The arrowhead indicates the GA-FeSV type polyproteins at 110,000 daltons. Molecular weight markers are shown in. the rightmost lanes of two gels.
that FOCMA and the x portion of the gag-x share antigenic determinant(s).
gag-x Polyprotein (p110) in GA-FeSV.Induced Cat Melanoma Cells. Expression ofa transformation-specific polyprotein on GA-FeSV-induced cat melanoma cells was demonstrated by immunoprecipitation using the antisera mentioned above.. Several sources of control cells were also tested and found to be negative for this protein. These included primary cultures of pigmented normal skin epithelium, uninfected feline fibroblasts, and uninfected mink cells. From the [3S]methioninelabeled whole cell lysate of the melanoma cells, a molecule of 110,000 daltons was detected by anti-p12, anti-pi5, and antiSTaut, as well as by sera specific to the x portion of the gag-x molecule of FeSV-transformed' fibroblasts (i.e., anti-ST-X and VCS), indicating the gag-x nature of the molecule (Fig. 3) . The molecule detected in the melanoma cells also comigrates with the gag-x of GA-FeSV-transformed mink fibroblasts and is detected with the same antisera, suggesting that the polyprotein of GA-FeSV melanoma cells is similar if not identical to the 110,000-dalton molecule of GA-FeSV-transformed fibroblasts.
To rule out the possibility that the gag- (6, (22) (23) (24) (25) . 'Previous reports on the detection ofFeSV gagx polyproteins have utilized only antisera directly to the gag portions ofthe molecule or antisera ofnonfeline origin that were directed to the x portion ofthe molecule (23) (24) (25) . In the current study it was demonstrated that cats, the natural hosts for FeLV and FeSV, can mount an immune response to the x portion of the gag-x polyprotein. This seems important because of the possibility that x contains an antigenic determinant that might also represent a portion of FOCMA, a cell-surface antigen that is expressed coordinately with the malignant phenotype in both transformed fibroblasts and lymphoma cells (6, 12, 22, 26, 27) . This antiserum also gave the typical FOCMA pattern of reactivity by membrance immunofluorescence when tested on FL74 cells. This strongly supports the possibility that x and FOCMA might share antigenic determinants, in contrast to a previous report in which rat anti-x serum was shown to lack reactivity to FOCMA (25) . This discrepancy may be due to the differential recognition of determinants by the immune response of the natural host (cat) as opposed to the unnatural host (rat). The biological function of anti-FOCMA serum in immunosurveillance of the feline leukemia/lymphoma/fibrosarcoma system has been well documented (28) .
Three strains of feline sarcoma viruses have been isolated from spontaneous cat fibrosarcomas (29) (30) (31) . All three isolates induced fibrosarcomas in vivo, whereas GA-FeSV has also been shown to induce melanomas, tumors that originate from neuroectodermal germ layer cells (11, 21 (3, 4) . On the basis ofwork with the avian acute leukemia viruses, a "differentiation block" hypothesis was postulated, which considered the possibility that such transforming proteins might function as competitive inhibitors of the corresponding differentiation proteins produced by normal cellular genes (5) . However, such a generalization is hardly sufficient to explain the broad oncogenic spectrum of viruses such as FeSV and the avian erythroblastosis virus (AEV), which induces erythroblastosis, carcinoma, and sarcomas in chickens (32) as well as transforms fibroblasts in vitro (33) . In a recent report using a temperature-sensitive mutant of AEV, it is suggested that a single transforming gene is required for the maintenance of transformation in both hematopoietic cells and fibroblasts (33) .
We found that the transformation-related gag-x proteins present in GA-FeSV-induced melanoma cells were serologically indistinguishable from those that have been identified on fibroblasts transformed in vitro. This is compatible with the concept that such transformation-related proteins may function coordinately with the malignant phenotype in widely divergent cell types. Yet our observation that such proteins are not found in cells cultured from other spontaneously occurring feline tumors implies that alternative mechanisms for transformation must exist.
